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NOTICE

When Government drawings, specifications, or other data are used for any

purpose other than in connection with a definitely Government-related

-. procurement, the United States Government incurs no responsibility or

any obligation whatsoever. The fact that the Government may have

formulated or in any way supplied the said drawings, specifications, or

other data, is not to be regarded by implication, or otherwise in any

manner construed, as licensing the holder, or any other person or

corporation; or as conveying any rights or permission to manufacture,

use, or sell any patented invention that may in any way be related

thereto.

The Public Affairs Office has reviewed this paper, and it is releasable

to the National Technical Information Service, where it will be

available to the general public, including foreign nationals.

This paper has been reviewed and is approved for publication.

MILTON E. WOOD, Technical Director

Operations Training Division
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SUMMARY

A solid crystal color light valve display system (to be used on flight simulators) has been

developed by SODERN of France for the General Electric Company (GE) under an Air Force Human

Resources Laboratory (AFHRL) contract. At the completion of the development phase, a prototype
projector, designated as SODERN Visualization System SVS-14, was manufactured. The equipment

underwent a series of acceptance tests at the SODERN facility in France and final acceptance

testing at AFHRL, Williams AF8. The analysis of the test results showed that the SVS-14 met all

important specifications and in some areas even exceeded them.

Further experiments with the SVS-14 at AFHRL covered additional engineering evaluations and

a human factors study. These tests consisted of a comparison demonstration between the SODERN
SVS-14 and the GE PJ515 projector. Ratings of the visual appearance of the imagery produced by

the projectors on a side-by-side arrangement of rear projection screens were in favor of the GE

system.

However, it was soon found that the performance of the SODERN projector had degraded due to

malfunctions of system components. This was caused by a power supply failure that had not been

detected prior to the comparison tests.

After extensive onsite repair efforts by SODERN personnel, the performance of the SVS-14 was
again evaluated in a side-by-side comparison test with the PJ5155. The results indicated

improvements in the quality of video imagery. The image persistence for fast moving objects was

about equal for both projectors,
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PREFACE

This paper was prepared to collect the records of the acceptance test results as
presented by SODERN in their minutes of the contemporary meetings held at the site of

testing in France and at the Operations Training Division of the Air Force Human
Resources Laboratory (AFHRL/OT), Williams AFB, Arizona.

Detailed test analysis information was extracted from a visit report of Mr. R. F.
Stone from the General Electric Company Simulation and Control System Department,

Daytona Beach, Florida, covering the initial acceptance test phase at SODERN. An

overview of the development background and valuable information on the final acceptance

test was found in the R&D Status Report for the Advanced Visual Technology System
(Project 2363). Mr. Jean Huriet, the North American Sales Manager for SODERN,

contributed an appreciable amount of technical data and expertise to the contents of the
report. The psychophysical inputs of Dr. Peter Crane from the University of Dayton

Research Institute, on-site at Williams AFB, complemented the engineering data

collection very effectively by introducing human factor aspects into the evaluation.
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FLIGHT SIMULATOR:

EVALUATION OF SODERN VISUALIZATION SYSTEM SVS-14

I. INTRODUCTION

The purpose of this paper is to summarize the evaluation of a solid crystal color display

system that has been develcped by SODERN, France, for the General Electric Company (GE) under an
Air Force Human Resources Laboratory (AFHRU) coniract. This new color display system, designated

as SODERN Visualization System (SVS-14), was delivered to AFHRL in late July 1984. Acceptance
tests have been conducted by both General Electric and the Air Force. Following successful

acceptance testing and transfer of the equipment on 2 August 1984 to the Air Force, further tests
were performed on 18 October 1984 and 4-6 December 1984 at AFHRL. These tests included a visual

comparison evaluation between the SODERN SVS-14 display system and the General Electric Talaria

color light valve projector system, and additional performance data collected to supplement the

results of the acceptance testing.

II. DEVELOPMENT BACKGROUND

The development activity for a Color Light Valve Projector (CLVP) to be used in flight

simulators started in 1978 and a competitive Component Development Phase (CDP) between Hughes and

SODERN was completed in December 1980. The CDP effort continued with SODERN in 1981-8Z when it

became evident from breadboard tests and demonstrations that the SODERN Deuterated Potassium

O1-Phosphate (DKDP) crystal technology (called TITUS in French) had more development potential as

a new CLVP technology than did the Hughes Liquid Crystal Light Valve system. Subsequently, a

hardware subcontract was negotiated with SODERN (placed in September 1982 and amended in January

1983) for the manufacture of a prototype CLVP system.

11. STRUCTURE AND OPERATION OF THE SODERN VISUALIZATION SYSTEM SVS-14

Design Features

The SODERN Visualization System designated as SVS-14 was derived from the SVS-12 projector,

previously supplied to the French Government (Figure 1). The SVS-14 differs from the SVS-12

primarily in the following features:

I. Square target 38 x 38 mm with rounded corners and 900 field of view (FOY).

2. Greater luminance output of approximately 2500 lumens.

3. Built-in thermoelectric cell (Peltier) water cooler for the OKDP target.

4. Significantly higher resolution of 850 pixels per line at 1O system Modulation Transfer

Function (MTF).
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SVS 14
I - illumination optics

2 - projection optics

) - light valve red channel

4 - light valve green chanmd

-A 5 - light valve blue channel

6 - scanning empifer

7 - video aipliflere

VtUALWZATWO UNT 6 - low level electronice

SYSTEM COMPOSITION
"a vizualizaton unit SVS-UV
" an electronics bay SVS-BE
" a xenon arc power supply SVS-AX
" a remote adjustment unit SVS-PT 8VIPT

Figure 1. SODERN Visualization System SVS-14.

Unique Functions

T he SODERN isualization System has several unique characteristics in addition to higher

brightness ind nigh resolution.

1. The solid crystal of the light valve is capable of *storing* the video signal and

operating as an analog wemory for the image. This results in an image that is completely

flicker-free and allows the image to be locally erased and rewritten.

2. The video provided on the solid crystal of the light valve Is written by an electron

beam wcrking in a saturation mode. Therefore, a line structure due to scanning is not apparent.

3. The raster lines can be curved to compensate for optical distortion and for the

projection of Imagery onto curved or oblique screenS.

Performance Characteristics

TITUS Light Valve. The heart of the SODERN Visualization System Is the TITUS light valve

(Figure 2). Its operation is based on the variation of birefringence in a solid crystal. This

2



double refraction property of the crystal comes into effect when an electrical field is applied

through the crystal in the same direction that the light propagates.

grid wafer

deflection Xenon lamp
cathode

- - screen

viceo signal

Figure 2. TITUS Light Valve Tube.

The incident polarized light beam passes through a wafer of crystalline DKDP. A scanning
electric beam deposits on the rear face of the wafer an electrical charge, locally modulated by

the video signal applied between the grid and the front face of the wafer. Due to the variation

of birefringence in the crystal, the polarization of the reflected light varies according to the

video signal.

Projector System. The SVS-14 projector comprises a xenon lamp (L) for emission of white

ight and TITUS light valves (G, R, B) for modulation of the three color components (Figure 3).

The white light from the xenon lamp passes through a polarizing beam splitter (P).

D D

G red blue

green .

R M
red

B
blue

Figure 3. Projection System Schematics.

Dichroic mirrors (D) separate the polarized light beam into the three primary colors green,
red, and blue. Each light valve modulates the polarization of the incident component beam and

reflects it back along its original direction. The three components are reassembled by thc

dichroic mirrors into one beam, a fraction of which is transmitted by the polarizer (P) used as

an analyzer. Projection optics focus the image onto a screen.

--



IV. EVALUATION ACHIEVEMENTS

Acceptance Testing at SODERN in France

Tests Performed. SVS-14 acceptance tests as per ATP were performed at the SODERN facility

*" in France between 12-16 June 1984 under the direction of their Quality Assurance (QA) engineer.

Subsequently, the test data taken were submitted to General Electric Company for a

preliminary engineering evaluation. Following the review of the test results, analysis, and

documentation, it was decided to only repeat certain tests on a flat screen rather than to use

the spherical screen as previously done by SODERN. Repeat acceptance tests and other tests of
interest were conducted during 27-28 june 1984 at SODERN, using a large (approximately 8 x 8

feet) flat screen and an alternate narrower FOV projection lens provided by SODERN.

The special test that preceded the testing on critical performance parameters included a

subjective evaluation of the degree of image smear as a function of the light valve beam
:uri ent. A beam current of 40 to 50 microamps was the consensus opinion for an acceptable

!ynamitc, fast-moving scene. SODERN had previously used about 70 microamps, but they advised that

lower beam current tended to improve the resolution slightly.

All the tests covering resolution (i.e., MTF), brightness and brightness uniformity,

blank-level (BL) and BL uniformity, BL color hue, BL stability, convergence and convergence

otability were done with the Advanced Visual Technology System (AVTS) scanning standard (1023 TV

lines at 30 frames per second) using video signals from the test pattern generator. In addition,

a 5-10 minutes latent image test was done with and without the orbiter circuit energized.

Summary of Test Results. The results of all of the tests have been reported in the attached

SODERN minutes of the meeting (Appendix A). The acceptance test results also included in

Appendix A dre presented in matrix form displaying the actual performance against the specified

minimum and goal performance parameters. As can be seen, the SVS-14 met all important minimum

specifications and exceeded the specifications in a few areas.

Remarks. When analyzing the test results, the following observations should be taken into

consideration:

I. The slightly out of specification luminance uniformity that cannot be discerned by an

observer was attributed to the characteristics of the xenon arc and the 90 degree projection

optics.

2. The black level, while meeting specification requirements, was found to be not 'grey'

but rather had a blue hue with reddish areas.

3. The color convergence was marginally acceptable.

4. The SODERN method of calculation for the resolution curve resulted in a MTF of greater

than 100% at about 100 P/L.

5 5. The SODERN light valve technology results in the absence of visible raster lines and a

flicker-free Image. The DKDP solid crystal inherently has field memory (i.e. a field is

continuously displayed until replaced line-by-line by the next field).

4



Final Acceptance Testing at AFHRL, Williams AFB

Tests Performed. Following in-plant acceptance testing at SODERN in France, the SVS-14

display system was shipped to AFHRL at Williams AFB, Arizona arriving on 19 July 1984. Final
testing and evaluation were completed during 1-3 August 1984. Results are recorded in SODERN's
minutes of the meeting in Appendix B, which includes a summary of tests, measurements, and

analysis in matrix form.

Summary of Test Results. In geneva', the SVS-14 display system produced vivid color
renditions and saturated color, had an exellent contrlst ratio (better than 100:1), produced
visually flat white and black fields, ard had no objectionable blemishes. The image had no

visible raster line structure and was virtually flicker-free.

the SODERN projector presented a bright picture through a Pancake Window display, roughly a
highlight brightness of 10 foot-Lamberts. This brightness level was measured using a special

Lexan (polycarbonate) screen--gain of five. Acrylic screens were shown to be unsatisfactory and
exhibiting severe color birefringence with the polarized light output of the SVS-14 and polarized
Pancake Window display.

Remarks. Following successful testing of SODERN in France and at AFHRL, the SVS-14 was
accepted without waiver. The projector system was transferred on 2 August 1984 to the Air Force.

SODERN/GE Light Valves Comparison Demonstration and Evaluation at AFHRL, Williams AFB

To complement the engineering data collection with human factors information, a SODERN
SVS-14/GE PJ5155 Light Valve comparison demonstration was performed 18 October 1984 at AFHRL,
Williams AFB.

Tests Performed. The comparison demonstration covered the objective evaluation of video
test pattern and AVTS imagery during a simultaneous rear projection onto a side- by -side
arrangement of two flat screens. The AVTS imagery included static images and joy stick flights
In airfield operation, air-to-air, and air-to-ground scenarios. As part of the demonstration,

participants were also asked to rate visual appearance of the two systems using a questionnaire
and a rating form constructed for the test.

Summary of Test Results. The analysis of completed forms returned by five raters showed the

GE PJ5515 projector to be Judged superior to the SODERN SVS-14. Details are recorded In the
University of Dayton Research Institute (UDRI) Memorandum in Appendix C.

Remarks. SODERN, immediately after learning about the unfavorable results of the comparison
test, voiced reservations on the conduct of the demonstration in a letter to AFHRL/OTE, dated 9
November 1984 (Appendix D). SODERN denied the full validity of the test results due to a partial
malfunction of the SVS-14 following a power supply failure that had occurred shortly before the
demonstration was performed.

Comparison Test Between SODERN and General Electric Light Valve Projectors at AFHRL/OTE. On

the occasion of a maintenance and operations training course held by SODERN at AFNRL/OTE between
3-7 December 1984, the SVS-14 system was ove-hauled and all major defects eliminated. In order
to verify satisfactory performance of the equipment after repair, another side-by-side

demonstration of the SVS-14 versus the PE PJ5515 projector was performed on 4-6 December 1984.
The test results and the analysis thereof have been recorded in the SODERN report attached in
Appendix E.

• ,. • -- .o ...-
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Tests Performed. For the comparison testing, the same side-by-side arrangement of

* rear-projection screens as used for the preceding evaluation of the SVS-14 was set up. The

measurements Included the collection of luminance data on a white square target against a black
background, and vice versa. In addition, vertical and horizontal dimensions of the video

*" cross-hatch-grid test pattern were recorded, and an objective evaluation of AVTS static imagery

- was performed. Finally fast motion simulation was conducted, using a white square that was moved

* at different velocities across the screen at a variety of tube beam current settings.

Summary of Test Results. Using the brightness data obtained during the measurements, at
* reverse conditions, illumination uniformity, luminous output and contrast values were

calculated. A correction factor was applied to the luminance values, measured near the periphery
of the screen to account for the incompatibility of the projection lens used in the SVS-14 with

* the flat screen. The following conclusions have been derived from the analysis.

1. Luminance output is higher for the SVS-14 with varying contrast and illumination
uniformity depending on the background conditions.

2. Light valve tubes delivering higher than specified beam current output show improved
persistence of fast moving targets at a marginal degradation of resolution.

- 3. Perceived image quality of AVTS imagery is better for the GE projector.

Remarks. In spite of SODERN's repair efforts, the performance of the SVS-14 was still
affected by a persisting problem with dynamic focusing. The optimum adaptation of the system to

computer generated imagery inputs was not achieved due to the lack of time and experience in

operating the SVS-14 in conjunction with AVTS imagery.

V. CONCLUSIONS AND FUTURE ISSUES

Conclusions

Acceptance Testing. This paper presented the results and the analysis of engineering and
human factors evaluations conducted with the SODERN Visualization System SVS-14. The SVS-14

color light valve projector had been developed by SODERN of France for the General Electric

* Company for potential use with the Advanced Visual Technology System. At the end of the

• development phase, the equipment underwent a series of acceptance tests, including:

* 1. Primary acceptance testing at SODERN in France between 12-16 June 1984 and repeat tests

between 26-28 June 1984.

. 2. Final acceptance testing at AFHRL, Williams AFB between 1-3 August 1984.

The results of the acceptance tests were all satisfactory. The SVS-14 met all important
minimum specifications and exceeded the specifications in some areas. The final acceptance tests
were also completed successfully and the projector was accepted without waiver on 2 August 1984.

-The following is a summary of the critical performance parameter results:

Luminance: 2376 lumens (1650 lux. measured on flat screen,

with ca 24" radius)

Contrast Ratio: 159:1 (FW to FB field measured at 2V video
input amplitude)

Resolution (MTF): 100 P/L at l0% MTF (measured on flat screen, SODERN method of

calculation)

Sin6



Background Raster FOV: 90 degrees circular

Geometric Distortion: 0.25% max in circle 80% of image height

Color Registration: 0.151 max over circle 80% of field (test on flat screen)

Image Stability: 0. ISA cer 8 hours

Field Rate: 60 fields/sec, 2:1 interlaced

Electrical Interface: 208 V, 60 Hz, 3 phases

Physical Dir nsions: 28" H (1 cm) x 37 1/2" W (95 cm) x 21 1/2" D

(55 cm;. Weight: 330 lb (147 kg)

Other Chracteristics No observed ra-er structure, field memory capability, flicker-free

image, good picture aI dynamics with AVTS/IG video, excellent color

rendition an contrast

Human Factor Studies. Following the successful acceptance of the equipment and its transfer

to the Air Force, further experiments were conducted with the prototype SVS-14 at AFHRL, Williams

AFB. These tests covered both engineering and human factors evaluations in order to investigate

the projector's performance potential In comparison with existing equipment. These tests include:

1. SODERN/GE light valve comparison demonstration and evaluation at AFHRL, Williams AFB on

8 October 1984.

2. Comparison testing between SODERN and GE light valve projectors at AFHRL, Williams AFB

on 4-6 December 1984.

The rating of the visual image quality of the two systems by several participants at the

First comparison demonstration favored the GE projector, in spite of the outstanding performance

of the SVS-14 during acceptance testing. The reason for this apparent inconsistency was

identified by SODERN as malfunction of the SVS-14 due to a partial power supply failure that had

not been detected at the time of the demonstration. This was later confirmed during scheduled

maintenance.

The secord comparison experiment was conducted while SODERN personnel were on site. This

time the engineering measurements and the objective visual evaluation showed an improved

performance standard of the SVS-14 but still Inferior to that of the GE projector in some areas.

The image quality, when projecting AVTS video scenes, still suffered from a persisting problem

with dynamic focusing. However, it was established that, for moving targets, image persistence

could be improved when using a light valve tube delivering a beam current between 80-120

microamps.

Future Evaluations

Psychophysical Experiments. Both the SODERN projectors and the GE light valve will be

further examined at AFHRL in order to obtain physchophysical data on the two systems to

complement engineering measurements. The objective of the comparison testing is to find acuity

thresholds for stationary and moving targets and for different levels of luminance on both

projectors. The experiments have commenced In January 1985 covering stationary targets in five

screen positions. They are scheduled to continue in February 1985, with moving targets projected

in three orientations (horizontal, vertical, and oblique) and at three different velocities:

Data collecting is scheduled to be completed by end of March 1985. These results will be

reported in a subsequent technfca: report.

Other Activities. In July 1985 the SODERN SVS-14 light valve projector is scheduled to be

transferred to the Air Force Armament Laboratory at Eglin AFB until December 1985.

1



APPENDIX A: SODERN MINUTES OF THE MEETING HELD AT SODERN ON

26-28 JUNE 1984, DC/JRH/SD -4052, DATED 3 JULY 1984
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PARTICIPANTS: Brian GOLDIEZ (US Army) Bernard MONOD (SODERN)
Robert STONE (GE) F.X. DOITTAU (SODERM)(partl

Jean DENIS (SODERN)

Jean R HURIET (SODERN)
Patrick MALAUZAT (SODERN)

LIEU: Limeil-Br~vannes (FRANCE) DATE: June 26-28, 1984

1 - First day of the visit used for travel to Brivecenter of ACTION
FRANCE, at HYPERELEC/RTC plant where the TITUS light "ive
is produced.
Manufacturing and test facilities are presented as well as
computerized measurement room. Most of the process is
automatically controlled. Production capability is for
200 tubes per year, or more.
Then an improvement program to reach 1500 (or possibly
2000) pixels per line is presented and argumented, from
today status demonstrated with the new light valve (see
attached curvesin annex 1). The technical works for
adequate results are given and described.

2 - Inspection of measurement tests results obtained with the
SVS 14 visualization system leads to the final comments
as per attached data sheets in annex 2 p 1 to 6. The basic
data from which these values are taken is the SODERN
acceptance test report 4011 142 2370 1 B p 365 dated June
18-22, 1984,a full copy of which is given to all partici-
pants for review. These tests results are accepted.

3 - Performance of additional tests with a flat screen : In
agreement with GE and US ARMY, the SVS 14 is modified in
order to set special optics made available by SODERN for
projection onto a flat screen instead of a spherical
screen. The measurement results are given in annex 3, 4
and 5. Key results are

- Determination of suitable beam current which is found
as being between 40 to 50 ,1A for fast motion images
(see 3.1).

- Latent image measurement and observation after 10
minutes static display with and without orbiter. The
remanent image is negligible with orbiter (see 3.2)
and very very low without orbiter (see 3.3).

10
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ACTION
- Modulation is measured (4.1) (4.2) and the result is 13 %

at 800 p/l and 20 % at 665 p/l according to acceptance
test method (contrast) and 8 % at 800 p/l - 14 % at
665 pi according to optical measurement method (modula-
tion). Specification is 10 % at 700 p/l (contrast) which
means 7 % modulation.

- Black level uniformity (4.3) (4.4) and stability over
16 hours. The contrast is also measured as well as the
white level uniformity (4.5). The luminous output at
white level is 2500 lumens (which gives 485 lux at screen
center). The black level is within the specification.
But GE make comments that the color uniformity of black
is not sufficient. The level of black being 1/100 of
white level seems too high for night scenes, the use of
a polarizer will allow to adjust it to suitable level,
demonstration is made corresponding to N' 3-5 % of trans-
mission corresponding to pancake window. Black looks
black with this level.

4 - The test results report is accompanied by the reports
documenting what is not measured (LER 25508 dated June 84).

5 - Additional measurement June 28, (05 pm) 1984
Uniformity of black is the same as previously. Uniformity
of the white is better at top and on the left, less good
on the right but all values are still within the specifi-
cation. See annex 5.1, 5.2, 5.3. Contrast versus frequency
is also the same, " 13 % at 800 p/l and 25 % at 665 p/l.
These tests will be repeated in Phoenix/HRL.

6 - Installation at Phoenix
July 16th, SVS 14 available at New-York customs for GE
to proceed with the paperwork, GE to send immediately a
telex to SODERN after clearance of customs. This telex
will authorize SODERN personnel to fly to Phoenix.
SODERN personnel will arrive in principle July 17th-6 pm.
GE transports the crates from Phoenix airport to HRL.
SODERN personnel will be there for opening of the crates,
and proceed to the installation after unpacking with
local assistance from GE.
Test at HRL between 30th of July and 3rd of August.
This supposes USAF gives the clearances to SODERN person-
nel to work in their facilities.
SODERN bringsthe test pattern generator, GE takes care of
the measurement equipment.

: . - - - -. . . . . . . . . . . . ..-... "' -. -.... . .. . . . - ' . .



ACTION

7 - Documentation presented to GE/US ARMY is agreed exept
comments about english vocabulary in some pages and some
missing references. This concerns maintenance documenta-
tion vol 1 to 4 (about 1500 pages and drawings) plus
user's manual and technical description. All these docu-
mentations will be packed and shipped with the SVS 14.

* 8 - Spare parts : Open point to be checked with USAF.

The original hand-written version of these minutes of the
meeting is duly signed by General Electric and SODERN
representatives.
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APPENDIX B: SODERN MINUTES OF THE MEETING HELD AT WILLIAMS AFB ON

2 AUGUST 1984, DC/JRH/NC -4063, DATED 6 AUGUST 1984
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* ~PARTICPANTS: CD-tj21M Dlt1F (1NSAF/HRT.)__
Don PETRIE (GE) . ......

- 'Bob STONE (GE)J
K~Tr~~BE~(Gi7

Bree -ERICKSEN-fGB)---- .

Jean HURIET (SODERN) .........

LIEU: Williams AFB, Phoenix -- DATE A Aug.-2, 1984

1. Reference documentation ACTION

- spec 63 A136379 rev. J (83.1.17)

- acceptance at Sodern report DC/JRH-4052 - June 26-28, 1984

-. Installation of the SVS 14 has been made by SODERN with GE assistance.

The test started August 1, 1984. The results are recorded in annexe I
(p. 1 thru 6). The records of the modulation measurement are given in

annex 2 (p. 1 thru 4).

. tarting time after acceptance measurement are made is 462 hours at
the running hourmeter.

4. The SVS 14 is accepted without waiver.

. SODEPN loan, free of charge, to the USAF an optical system which

a iow projection on a flat screen by opposition to the small spherical

screen used with the pancake window. A set of instruction in written

is given with the optics to perform the exchange.

6. Note 1 : on the red channel only a faint remnent image appears after

a long static image. This is within the spec but will be investiga-

ted by SODERN and RTC. A replacement of the valve will be done if SODERN

necessary at the best opportunity. No phenomenon on the blue and

green channel.

Note 2 SODERN is roosing a.training course by the 15th of Septem-
ber for use and maintenance and LV replacement. Duration is 1 week
cost is about 12 KU, in which SODERN would take a share. SODFRN

GE

Note 3 SODERN has delivered a polarizer 
which allows to adjust the G

tiack level for night scenes.

w. .. . . . ..,',;....,.. .-.. ,. - -.. . . . . . . . . . . . . . . ..,. . . . . . . . . . . ..,.-. . ..-", •. .", ,," ra' , n ,,, -, 1, ~ i-' "



SODRN DC/JRH/nc - 4063

Page 2

Addition to the minutes

Note 4 : since the record of these minutes has been done SODERN has already
reklacedthe tube of the red channel by an available spare and there is no
more remnent image for any color.

Note 5 : the starting time defined § 3 is used for the light valve guaranty.
The hourmeter must be used as reference for dating any trouble that could happen.

Note 6 : non official additional measurements performed by GE and SODERN when
installed with the pancake window gave the following main results measured at
pilot's location :

!ull white .9.2,, Full black -0,05-

'foot-lambert) . - 10.5 . (foot-lambert) 7
13,5 , 1 9.5 12.1 12.5 0;06 0,055 0,07

". 9.2 / " -. 0,05 - "
..-(no FOV)- - --

Contrast W/B in the range of 150
Luminance in color spectrum (in FL)

blue 0.77 red 3.25 violet 3.02 green 5,9 cyan 7,2, yellow 10,3

Note 7 : it is necessary to measure the video signal at input before making
measurement:white must be 2 volts and black 0 volt.-this is in order to have
the correct nominal contrast value.
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APPENDIX C: UDRJ MEMORANDUM DATED 29 OCTOBER 1984



I

/ -UNIVERSITY OF DAYTON
RESEARCH INSTITUTE

-P.O. BOX 44
HIGLEY. ARIZONA 85236

MEMORANDUM 29 Oct 1984

TO: Capt. James M. Duff, Program Manager AVTS

*-ROMi: Peter Crane, Ph.D., Research Psychologist, UDRI

RE: Visual comparison of Sodern SVS-14 and General Electric PJ5155 light
valve projectors.

As part of a side-by-side comparison of the SVS-14 and PJ5155 light
valie projectors conducted at AFHRL/OT, Williams AFB on 18 October 1984, I
* -ed several participants to rate the visual appearance of the two systems.
These 2valuations were conducted by feeding video test patterns and AVTS
imagery to both light valves; scenes were projected simultaneously to
adjacent rear projection screens. Respondents were therefore able to view
both systems while making comparisons. A rating form was constructed for
this test in consultation with Herb Bell of AFHRL/OTP and Bob Stone from

r l Electric. On this form, respondents were asked to judge which
projector was superior on a variety of items; a copy of the form is
attached. Finally, raters were asked to state their overall evaluation of
the projectors and the reasons for their judgment.

Completed forms were returned by five individuals: three from
Singer-Link and two from AFASD/ENETV. All five listed flight simulator
visual systems as their primary application for light valve projectors.
Their responses to the questionnaire are summarized in Table 1.

The item "grain, raster, and artifacts" elicited some comment. One
rater, said that the GE showed a visible raster structure. Four raters said
that the Sodern displayed a "starburst" effect near high contrast edges and
Srnat this effect was quite annoying. The Sodern was also judged to have a
perceptible lag on oersistence behind moving edges.

All five judges rated the GE PJ5155 superior to the Sodern SYS-14.
Their reasons included better contrast, sharper images, and less
persistence. Two respondents rated PJ5155 as A--Excellent, two rated it
between A--Excellent and B--Acceptable, and one assigned it a rating of B.

52
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TABLE 1
SUMMARY OF COMPARISONS OF SODERN SVS-14 AND

GENERAL ELECTRIC PJ5155 LIGHT VALVE PROJECTORS (n=5)

GE SYSTEM IS THE TWO SYSTEMS SODERN SYSTEM IS
SUPERIOR TO SODERN ARE NEARLY EQUIVALENT SUPERIOR TO GE

G E S

(NR =No Response)

QUESTION DYNAMIC IMAGES STATIC IMAGES TEST PATTERNS

DAY NIGHT DAY NIGHT

SCENES SCENES SCENES SCENES

1. Brighter GEO0 GEO0 GEO0 GEO0 GEO0
E 3 E 3 E 3 E 3 E 3
S 2 S 2 S 2 S 2 S 2

2. Sharper: GE 5 GE 5 GE 5 GE 5 GE 5
Center EQ0 EQ0 EQ0 EQ0 EQ0

5 0 5 0 S 0 50 SQ0

Corners GE 5 GE 5 GE 5 GE 5 GE 5

5 0 5 0 SQ0 SQ0 SQ0

3. Contrast GE 3 GE 4 GE 3 GE 4 GE 5
SQ 0 50 SQ0 SQ0 SO0
El (NR1) EQ (NR1) El (NRl) EQ (NRl) EQ

4. Color XX xx XX xx GE 0
Saturation 0

E 3 (NR2)

5. Hue xx XX XX XX GE 0
Accuracy E 2

S 1 (NR2)

6. Color XX XX XX xx GE 5
Regi strati on EQ0

SQ0

7. Grain, Raster, GE 2 GE 2 GE 2 GE 2 GE 2
Artifacts 5 0 5 0 SQ0 SQ0S

E2 (NRl) E2 (NRl) E2 (NRI) E2 (NRl) E2 (NR1)

8. Less GE 5 GE 5 xx XX xx
Persistence 5 0 5 0

9. Smoother GE 2 GE 2 XX xx xx
Motion SO0 SO0

E 3 E 3
53



./ V'// A-t,

ORGANIZATION

P cOMPARISON OF GE AND SODERN LIGHT VALVE PROTECTORS
AFHRL/OT, WILLIAMS AFB, 18 OCTOBER 1984

I'se the questions on the facing page to compare the two systems. Enter the appropriate
lerter from the scale below to indicate your judgment. Please record any comments or
observationsalong with your rating.

GE SYSTEM IS THE TWO SYSTEMS SODERN SYSTEM IS
SUPERIOR TO SODERN ARE NEARLY EQUIVALENT SUPERIOR TO GE

G E S
I -- -.

IJ T DYNAMIC IMAGES STATIC IMAGES TEST
PATTERNS

DAY SCENES NIGHT SCENES DAY SCENES NIGHT SCENES

Corners

3. Contrast !

-. .'oo Saturatio XX XX XX

"%-c c uracy xx xx xx I. -+ c ;cyX XX

.;. , Registration XX xx XX

Gr+iin, Raster, Artifacts

- . Less ?ersistenc XX , xX

. moother Motion XX
(CONTINUED IN REVERSE)
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QUESTIONS FOR GE -- SODERN LIGHT VALVE PROJECTOR COMPARISON

1. Which system has a brighter image?

2. Which system has a sharper image --

In the Center of the screen?

In the Corners of the screen?

3. Which system has more contrast between light and dark areas?

4. Which has more saturated colors?

5. In which system are the hues more accurate?

6. Which system has better color registration?

7. Which system shows less grain, raster, or visable artifacts?

8. When an image moves, which system shows less persistence? i.e. Does the
trailing edge of a moving object seem to lag behind or leave a shadow for a
brief time? (Better means less persistence or lag)

9. Which system shows smoother or less jerky movement?

5
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U.S. AIR FORCE
Human Resources Laboratory
Williams Air Force Base
PHOENIX

Arizona 65224
U.S.A.

Attn Captain James DUFF

Dear Jim,

According to our phone call last week I send you here
enclosed my comments about the unexpected situation which we had
to live with during the demonstration. I hope it is now working
correctly again and anyway after what I saw I would appreciate
to have the opportunity to make a test again for example before,
during or after the training course at Human Research
Laboratory.

I have seen for the first time during the demonstra-
tion the kind of images the computer is able to deliver and I
feel it would be of interest to look at them again at Sodern's
convenience in order to determine how to optimize the SVS
adjustment for your needs.

I understood from Mr Ed Herd that the date for the
course is already agreed to be 2 thru 7 of december. It could
happen we bring again a new valve, just for test.

I would appreciate also to have a discussion with you
and Dr Bell about the evaluation program because it could lead
to modify SVS adjustment. We already do not know exactly what is
most valuable for you but the contract spec. I have the feeling
we can optimize better.

Very truly yours.

Jean R. HURIET
Marketing Manager
for North America
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SVS - SODERN VISUALIZATION SYSTEM
AS PER OCTOBER 19TH DEMONSTRATION

1 - ELECTRONICS

Sodern has been informed a week before the demonstra-
tion that there was a loss of focusing and a red light "on"
indicating a failure in the 60 volts circuitry. They came with
spare parts in a luggage which was unfortunately lost by the air
carrier.

Therefore the only possibility was to make a try witn
th , SV3 as available and eventually use only the green channel
which seemed to be correct when used alone. After a first test
Sodern decided to replace the green channel light valve by a new
Lahoratory valve available, in order to verify in absence of
electronics spares if it was the light valve or the electronics
which was failing. The test have been made during all afternoon
with the single green channel light valve except for the last
minutes when the blue and red channels have been switcneo on in
order to see a full color image.

2 - LTGHT VALVE

The light valves, ordinary SV2 square target ones, are
typically used with 45-50AA beam current for fast motion. The
laboratory light valve (Nr 65) is a prototype with rectangular
target and a new grid. By comparison with the SV2 technological
improvements have been made. One relates to the grid the winding
pitch of which is 35 x 35,V m instead of 50 x 100# m. Therefore
the grid transparency to electrons is reduced by about 20 . The
overscanning due to the square format by comparison with the
3 x 4 format leads to another 25 % loss in electron efficiency.

The maximum beam current obtained with the laboratory
model is 70/V A which in the condition of the demonstration woula
correspond to 35-40V A with the SV2. The result was a visible
iag and tailing during fast motion. The SV2 can be used with up
.o 90V A. A new fast motion test will be performed when the

2V2' s are used on the 3 channels.

But the Nr 65 light valve although it is not made For
Fi;t motion allowed to demonstrate 10 % modulation at 93U
pixels/line and 1 080 p/i at about 5 %. When used in labor;,tury
with a low beam current (41OAA), the limit of visibility
extends up to 1 200 p/l.

50
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3 - CONTRAST

The SVS 14 delivered to HRL is normally equipped with
ri arc degree circular FOV optics suitable for the pancake win-

(ow. These optics include a field stop and allow to reach a very
high contrast ratio. During acceptance test the measurement gave
11'_)O h;tween full white/full black image and 92 with a 1/4 white
window over a black background (Incidently Sodern pointed out
thit the white window over thf b1ick background is the only way

!,o bLairn true operational ialuc of together black level value,
otra;st and luminous output because that is a unique situation
.where all parameters must be set together).

These nominal optics allow to display onto a spherical
screen with a F tangent W law. The optics used for the demons-

tration belongs to the previous prototype and where to be used
only for some tests. These optics have no field stop and where

not limi' ing the circular FOV. The immediate result, as expec-
ted, is a loss in contrast which was measured only 45, as for
G1eneral Electric.

An other effect is a loss in focusing because these
optics had been designed for a 15 to 20 meters throw distance
(karge screen) and were used with about 3m throw distance on a
Im2 screen.

4 - BRIGHTNESS UNIFORMITY

An other effect of the use of the previous optics is
that they project with a F.- law. Therefore the uniformity in
the field is completely destroyed. The F. tangent Wlaw leads to
100 % brightness at center and 125 $ at the edge but when used
with F.0 law this gives 100 % at center and 50 % at the edge.
When adjusted for F.& law the SVS may give more than bO $ at
corners and more than 70-75 % at the edge. This is obtained by
special in plant adjustment of the illumination subassembly.
Anyway the brightness at center being the same in both cases the
high luminous output has been demonstrated (2.5 times G.E., for
both projectors the flux in lumens is obtained by the
multiplication of illumination at center by screen area).

Note

The light valve Nr 65 was not brought to perform the demonstra-
tion but only to demonstrate the capability to extend the reso-
Lution up to 1 500 p/l with the same target size, by means of
new development and improvement proposed by Sodern.
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US AIR FORCE
HUMAN RESOURCES LABORATORY

Williams AFB
Arizona 85224
USA

Attn Mr Peter GERLICL-ER

Dear Peter,

I am pleased to send you here enclose the typea ver-
sion of the report we reviewed together before I left. You have
been informed by MM. Monod and Plaisant that the dynamic tocus-
sing of the SVS 14 has not been completely fixed but we are
planning to come again before the test planned by your lauorato-
ry in January.

We are learning what means computer generated images
by comparison with the test patterns or with live TV and hope to
make soon some progress in that field. We hope that the coopera-
tion with HRL will lead to something satisfactory for the pilots
and as you have certainly noticed we are prepared to work hard
on this way.

Very truly yours.

J n H RIET

Ma iny Manager
for North America

Enclosure 1 report (2 ex)
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COMPARISON TEST BETWEEN SVS 14 AND GE 5155

-iien tests were per-torned at thu iiu;,ai Resoivces k Lar'st.)n ,
W LLiaJs AFB with A side y s.ide display oI the h 1[a,,e ei v,-I
',y both General Electric in. Souerri pr o ectulz.

The screen being only im 2 was inadequate to I,,rtorm otnor
test than appreciation of the blur (luriny tast :otion. 7ll
.t..r parameters such as contrast or illumination leveL cani,.t

timated correctly by the huntan eye durn.ij tie condit. nons
oi over illumination. Therefore the purpose. was limlteu to:

:eIsure the contrast with two reversed CoUditons 11 / Z,11

- ;:easure the black uniformnity aria the white uni zortiti r
- :it:asure the luminous output at lield center
,. estimate Lhe resolution capability

- stimate if the blur due to fast motion was acceptable.

........ test was performed on december 4th in the presence or 9
itCCs, att enldirg the training course fur the matintenatcu

f nt SVS 14, this test was also witnessed by Mr
i .ltmacher and Cpt J. Duff (USAF,/IIRL). 'lie test nas ri-e<,

ri. rmed also on dece:ber 6th and witnesseu by Mr B. Gotuite.
S(P.. rade) an( Mr P. : erlicher (HRL)

* .Mo.st of the test performed on October 19, 1984 has no va tn,
because the SVS was out of normal operation at this tinn.

- I Ar y 2 ropl,:
- ',. l co~y

- - iveinit-y ef PDyton 2 c I)i e.;
le rn I c
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,i U : 1-W '-twi- . . .. .. .. .... .. . 0 1....

.LKI U LlI id

L
.... ....... A}.ll eaSuL 'i lelitb /l ll e i 

x

d-e/a 5 u. I- LeL' 1 I tiLe 1/&Li

.." / 'I I,: LUX 0\9 LkIt-Ci~ 2

F . -,, i jthS Il. tC IlAASII C l 1 I 1,"t 4i;

/+I
\i I''llte flux (lUMIliouS OULIut-)

I / / / is conventionnally obtainca u
[\ /the illuminanice at center
' / _._ I__ _ times the area ot the screen

i. square meter.

N, t.: The SVS has bec:, LuiLt according to speciricatoll
(circular FOV) au especially for aisplay thru a pancaKe
window and for tne use of a lens having a F.tan i iaw

This corresponds to a
correction factor of about 1. 3 at the eaqe or tne scret.n
between the measured illuminance and the effective -ilu-
minance. The measurements results are given witriout
correction, the computed uniformity is given witn correc-
tion in 1, 2, 3 and 4 whatever it is white or blacK.

SVS 14 GL.

measured average uniformity measured average unit ormity

1 15 14 x 1.3 11
13 7 % 9 11 4U t

3 14 =18 7
4 14 16

5 41 14
6 42 12
7 40 38 12 % 10 12 17 %
8 33 13

9 1710 633

18 T38* 9

C l 58. /

C2 455-

L 1.17 .05.
1 0.30 0.26

i if Lhe useful area was square the flux woula be 2 340 lumens
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2) Measurements and results with z UidCjc winiIiw oveLr a WIiltv

i field

/ ,. --~ . Sallte C- flLULllt~I ZS 1)(21.

/ I
/ - I .MedSUCCIL ntS i~ii 10, 11, 1

L i1(1 13 a(iniei i oruei tt,

~11 eV, a" i- e t L a.K ILV-

fSpot SVS 14 GE 5155

measured average Uniformity measurcu { avray , unilrorzllty

1 860 458
2 790 9.2 % 530 53U 14.8 b
3 920 871 615
4 915 x 1.3 550

= 1132
0 613

6 1 440 1 477 3.6 % 648 634 3.3 ',
7 1 490 652

1 1 530 622

9 63 14
10 71 16
Ii 74 71.2 11.5 % 20 17.8 Ib
12 75 19
13 73 20

~C 15.9 30

' 2  20.7 35.6

Cl contrast between averty (1, 2, , .4) and .. vera,, (c .
1 , 1 2 , 1 3 )

,('2 contrast between aver.ige (5, 6, 7, ,) , , aver ,,' (.), I,
11, 12, 13)

-. Center to edje ilLuminat, ion unitocmilty
.VS 1 710 1 477I32 tal : ( pp,

86 % 76 %

GE 63 , LL : 84
100 % 84 %
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kjci1.Lv(2t.c u

WJ i~ L~e t ot .rL ical 11it eWt
W3 i.; tlhe u, ' '*ie rizuntai L I 1.ie
The Iiic ~ t. si& 51 qlit I i t fi,,h e ner~iiXtor I
output iineasiireu w, tit a s;cupe is as re-

presented a-simue. >J'te half amplitude Fwidthi is 45 nat.osecond
-The scanninj line duration is 32. 6p s
but the useful duration is 25.5,ps.
Therefore withi 1 000 pixels/line, the
duration is about 25 nis

-The pulse width corresponds to 1.8 pixels
and thie equivalent spatial frequency
(ESF) i term~s of resolution is 555 pixels 

5n

per line
-The vertical line width is the same as tor

the pulse
-Thie hiorizontal line is made of 2 inter- > 5- -

lacedi lines, therefore the equivalent spa-
tial frequency is 500 p/l.

SVS 14 GE 5155 Test patterni

measured E1SF measured ESF

1i 2~n h 4mm 262 5!)5

W2 3 rjr, 390 5mm 210 555

W3 41= 292 5mm 210 500

*L 1 170mmn for SVS 14 .measured LSF =L/W

*L = 1 050Mm~ for GE 5155

Note width measurement accuracy ;L 0.5mm gives + 30 p2.xels/lire
average error on the measured ESF.
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Coiiu:ients

The brightness of the central sput displayed by tlie projuctkrL

;,mist 'be accordiny to the inodulda lO, oUtaitl: wILtI tile currespozl-
ding ESF. If the projectors were peliuct t-11, 1,ioouLuLiull WoUld LC
the one obtained at 55% p/i ie about 40 %.

The GE 5155 worKs with an ESF of 262 u/l ; thererore, the mu'u-
lation is close to 80 - 100 %. The spot. is very uriyht, out ioes
nuot respect the geometry.

1he SVS 14 works with an ESF of 585 p/il ; therefore, the lkl(OU-
/ation cannot be greater than 40 % of the maximum orig3htness. lIn
fact the amplitude is lower due To erasingj uurin, interlace.
This explains also why the spot seems smaller Llia:l yienerateu.

The use of electronics tricks could give a brighter spot with
the SVS 14 but at the detriment of the geometry.

Experiments will help to determine if it is better to have reso-
Lution rather than brightness for the pilot. The tact that the
wider GE spot has not been a drawback up to now may indicate
that the brightness is more of interest than geometry. It seems
that the sharpness of the transition at the edges with the GE
5155 gives the illusion of high resolution more tnan the smooth
transition obtained with the SVS 14. What is more convenient ?
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4) Fast motion test

On Decembei 4th it wis rot possible to obtailn a computer
j ae rated inlaye. III or0ier tu iave a similar iotont tie test

pattern generator was usea with a small white sq4uare at t.le
center and this Squlare was ooved at di£terent spueus rnd wit
different beam curre t-s ir the SVS 14.

A first test of this kii!, wAs performei in Uctooer 84 ; LjLt,

at this time the SVS 14 was not repaired (the tallure occur-
red a few days before the test). The defective li.-nt valve
was not able to deliver a sufficient beam current even thougn
it was inside the specified limit. A new light valve has been
installed in the SVS 14 before the december 4th test. lt
allows us to obtain up to 120, A when the previous one was
only capable of 50p A. The light valves on the red anu biue
channels cannot deliver olore than 7 5y A.

The curves given on the next page show the intluence ot the
beam current on the writing and erasing capability (expressed
as a transmission factor) and also on the modulation for a
given number of pixels per line (500 and 1 000). These curves
have been measured with a rectangular target light valve
(TV 2) and can be used in first approximation for the square
target light valves (SV 2).

The specification of the SVS 14 was to write/erase witnin two
frames. This can be achieved with 50pA and gives a modula-
tion of about 10 % at 1 000 p/1 at light valve level. The
resolution test performed with this beam current value
(50p A) for all of the 3 light valves gave a readability or
the seventh bar of the test pattern ie 130 x 7 = 910 p/I
which is in good agreement with the chart. For this beam cur-
rent value the fast motion of the white square gave (as seen
during the 18 october test) a significant blur.

The resolution and the blur have also been evaluated visual-
ly for 80 A and for 120 iA. For this last value the visual
effect and the resolution were seen as being about same tor
the GE 5155 and the SVS 14. The resolution of the SVS 14
being about the same for 80 and for 120 A it has been deci-
(led to leave the SVS 14 with 120 HA on the green channel anu
75 PA on the red and blue channels. The 5th resolution bar
is visible in black and white with these values of beam cur-
rent ie 650 p/l, the 6th bar was visible only at the center.
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TRANSMISSION AND MODULATION VERSUS BEAM CURRENT

TV2 LIGHT VALVE NR75 28x38mm target

10 Transmission %b Modulatlion % ioo

75

~~60

15

010 20 -30 40 0 6o 7o 80

SODERN VISUALIZATION SYSTEM (SVS) beam current in micro-amperes
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Paye b

Conc 1 u6 ion

The SVS 14 gives about 2.5 times more luminous output

IThe c : trast between a white window and a black bacKyrouna
is ifproximately the same for both projectors

The contrast between a black window and a white bacKyround
is better with the GE 5155

The uniformity of the black background is better with the
SVS 14

The uniformity of the white background level is about the same
for both projectors

The SVS 14 displays more accurately the size ot small ob3ects
but with less brightness. A trade off between brightness ana
resolution must be determined on this matter by the user.

With the high beam current in the SVS 14 light valve the tast
motion gives in a very first approach, the same kind ot visual
effect as for the GE 5155. Experiments are needed to determine
if this is confirmedor nctby the pilots.

The sharpness of the image looks better with the GE 5155 when
the image is delivered by the computer; further tests are
necessary to determine why, because the static resolution is
about the same.
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